and causes of death in ASD remain unclear, and it has not been possible to determine whether ASD per se carries an increased mortality. 15 Gender is another possible moderator of excess mortality in ASD. Relative to males, females with ASD have been reported to have an elevated mortality risk. [15] [16] [17] [18] [19] [20] However, there has been considerable variation in the reported risk ratios ranging from 3.6 to 20.7 for females, whereas the risk ratios for males have ranged between 1.6 and 7.9. [15] [16] [17] [18] [19] [20] Large confidence intervals (CIs) in some of the studies indicate imprecise estimations.
Large-scale studies are needed to explore the predictive role of risk factors (such as comorbid intellectual disability or the potential role of gender) for mortality in ASD. Moreover, access to data from a large sample including a broad age range and a substantial follow-up period is needed to study different causes of death. On this point, most studies did not have adequate statistical power to examine less frequent causes of death.
The population-based studies conducted to date have identified such causes of death as associated medical conditions (including epilepsy), as well as cardiovascular and respiratory deaths. 15, 20 In a clinical cohort, a pattern of causes of death resembling that of the background population was observed, with exception for a very strong association for deaths associated with epilepsy. 16, 17 The largest study on causes of death in ASD was based on a clinical cohort including ambulatory Californians with autism. 18, 19 Nevertheless, on excluding concomitant conditions such as cerebral palsy, tuberous sclerosis and Down syndrome, the results showed an elevated risk for several causes of death.
The aim of the current study was to analyse all-cause and cause-specific mortality in ASD using nationwide Swedish population-based registers. A further aim was to address the role of intellectual disability and gender as possible moderators of mortality and causes of death in ASD.
Method

Study design
We conducted a matched case cohort study.
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Aims
To examine both all-cause and cause-specific mortality in ASD, as well as investigate moderating role of gender and intellectual ability.
Method
Odds ratios (ORs) were calculated for a population-based cohort of ASD probands (n = 27 122, diagnosed between 1987 and 2009) compared with gender-, age-and county of residence-matched controls (n = 2 672 185).
Results
During the observed period, 24 358 (0.91%) individuals in the general population died, whereas the corresponding figure for individuals with ASD was 706 (2.60%; OR = 2.56; 95% CI 2.38-2.76). Cause-specific analyses showed elevated mortality in ASD for almost all analysed diagnostic categories. Mortality and patterns for cause-specific mortality were partly moderated by gender and general intellectual ability.
Study setting
Two nationwide population-based Swedish registers were linked: the National Patient Register and the Cause of Death Register, both held by the National Board of Health and Welfare. The data were linked using the unique 10-digit personal identification number used in registers for all Swedish residents, including migrants with a residence permit. The National Patient Register includes diagnoses for all in-patient treatment episodes for psychiatric disorders in Sweden since 1973, as well as for out-patients (including diagnostic assessments with no further contact with psychiatric services) since 2001. The diagnoses are coded according to the Swedish versions of the ICD by the World Health Organization (WHO).
Study population
Individuals with ICD diagnosis codes for any ASD were identified from the National Patient Register. The validity or diagnostic accuracy of ASD diagnoses in Swedish health registries has been shown to be good. 22 We first identified all individuals with an ASD diagnosis in the National Patient Register between 1987 and 2009. The ICD-9 23 ASD diagnoses (1987-1996; 299xx ) were converted to corresponding ICD-10 24 diagnoses (1997 onwards) using a conversion instrument provided by the Swedish National Board of Health and Welfare. In the final cohort, the included diagnoses were autism (F84.0), Asperger syndrome (F84.5), atypical autism (F84.1) and pervasive developmental disordernot otherwise specified (F84.9), other childhood disintegrative disorder (F84.3) and other pervasive developmental disorders (F84.8). Diagnoses of Rett syndrome (F84.2) and overactive disorder associated with mental retardation and stereotyped movements (F84.4) were excluded, as these are no longer considered core ASD diagnoses in current psychiatry (e.g. no longer classified in DSM-5). 25 In Swedish clinical practice, diagnostic assessment of ASD was rare before 1990 (less than 2% of the final study cohort) and a majority of the study cohort (88.2%) was diagnosed after 2001, i.e. after inclusion of out-patient data in the National Patient Register. The dichotomisation into low-functioning ASD and high-functioning ASD groups was based on the registered ICD codes for mental retardation. The ICD-9 codes 317-319 were converted to the corresponding ICD-10 diagnoses mild (F70), moderate (F71), severe (F72), profound (F73), other (F78) and unspecified (F79) intellectual disability. Thus, individuals with a co-existing intellectual disability were classified as low-functioning ASD regardless of which ASD diagnosis they had. The same type of classification strategy has been applied in previous studies 26, 27 based on high-functioning ASD v. low-functioning ASD as two key categories for the specification of ASD in DSM-5.
For each proband identified with ASD from the National Patient Register, up to 100 controls were randomly selected from the Total Population Register. The controls were alive at the timepoint of inclusion (when the case with ASD was registered the first time) and were not diagnosed with ASD during the study period. Controls were matched with cases by birth year, gender and county of residence in the year when the matched cases received their first ASD diagnosis.
Classification of the specific causes of death ICD-9 codes for specific causes of death (for deaths during 1987-1996) were converted into corresponding ICD-10 diagnoses (1997-2009) using the conversion instrument provided by the National Board of Health and Welfare. The main causes of death were grouped into the following categories (ICD-10 chapters and codes are specified in the Appendix): ASD, autism spectrum disorder; SMR, standardised mortality ratio; HRR, hazard rate ratio; CI, confidence interval; F, female; M, male. a. The previous Scandinavian diagnosis Borderline childhood psychosis was included as a proxy for Asperger syndrome. IQ was tested in 60% of cases and in the rest of the cases was based on clinical assessments. (l) External causes of morbidity and mortality: intentional selfharm/suicide was analysed separately from other external causes of death. X60-X84 in ICD-10 was combined with undetermined suicide Y10-Y34 in ICD-10 and corresponding codes from ICD-9. These codes were combined to limit the temporal and geographic variation in the ascertainment. This practice is common in research and reporting concerning public health statistics. 28, 29 A sensitivity analysis proved the comparability of the two diagnostic groups. The combined measure is referred to hereafter as suicide. In Other external causes we included remaining X and Y diagnoses and V diagnoses, as well as W diagnoses. (m) Other causes of death: in this category we included chapters with only a few cases (in total, 247 cases; 15 of these with ASD) (for information on ICD chapters and codes, see Appendix).
Statistical analyses
Conditional logistic regression analyses were performed and odds ratios (ORs) with 95% CIs were calculated for all-cause and causespecific mortality in cases of an ASD diagnosis in the National Patient Register ). In the first step, the ORs were calculated for the total ASD group, as well as separately for the genders. In the second step, the ORs were calculated separately for the low-and the high-functioning ASD groups (compared with the matched controls). Analyses were performed stratified for gender if the difference between the entire ASD group and controls was significant (all other categories except Infections). For the analysis of interaction (ASD6gender), an interaction term was added as a covariate in the conditional logistic regression analyses and significant interaction was tested with the partial likelihood ratio test. If any cell included fewer than five cases at any level of the analysis, that level was dropped and the data were thus not shown. In the analyses of Mental and behavioural disorders, ASD diagnoses as primary causes of death (n = 2) were regarded as ill-defined causes of death and excluded. A partial likelihood ratio test was also used to compare the fit of the null model of diagnostic status (ASD or control) with the alternative model (low-functioning ASD, high-functioning ASD or control). Thus, if the data fitted the alternative model significantly better, an interaction effect between low-functioning ASD and highfunctioning ASD was assumed and the null model was rejected. The alpha level was set at P50.05. All statistical analyses were planned a priori.
Ethical approval
The Regional Ethics Committee in Stockholm approved the study (0229/939-31/5).
Results
Characteristics of the study sample are described in Table 2 .
All-cause mortality
At the time of the follow-up, 24 358 persons (0.91%) in the general population group had died, whereas the corresponding figure in the ASD group was 706 (2.60%; Table 3 ). Individuals with ASD had a 2.56-fold increased odds of mortality compared with matched general population controls (Table 3) . Mortality was significantly elevated in both genders relative to the general population (males: OR = 2.87; females OR = 2.24), whereas the significant interaction effect indicated higher mortality among males (Table 3) . Moreover, all-cause mortality was increased in both the low-functioning ASD 234 (OR = 5.78) and the high-functioning ASD (OR = 2.18) groups, compared with the general population. The excess mortality was significantly higher in the low-functioning ASD group, as indicated by the significance of the partial likelihood ratio test (Table 3) 
Cause-specific mortality
Specific causes of death in the whole ASD group Significantly elevated mortality was noted among individuals with ASD in all analysed categories of specific causes of death except for infections ( Table 4 ). The ICD diagnoses including only a few cases were combined and, also in this category, an excess mortality of the ASD group was observed. The mortality was 1.5-fold to eightfold increased compared with the general population (with exception for congenital malformations (OR = 19.10); however, the broad CIs indicate an imprecise estimation). ORs were highest in cases of mortality because of diseases of the nervous system (OR = 7.49) and because of suicide (OR = 7.55), in comparison with matched general population controls.
Specific causes of death in low-functioning v. high-functioning ASD
In most of the specific causes of death (Mental and behavioural disorders; Nervous system; Circulatory system; Respiratory system; Digestive system; and Congenital malformations), the low-functioning ASD group had higher mortality relative to the high-functioning ASD group, although both groups had significantly elevated mortality compared with the general population controls ( Table 4 ). The most common cause of death in the low-functioning ASD group was epilepsy. In contrast, the high-functioning ASD group had a significantly more elevated suicide risk than the low-functioning ASD group, whereas, again, both groups had an increased risk compared with controls. The time period between registered ASD diagnosis and suicide was on average 2.86 years (s.d. = 2.41) in the low-functioning ASD group and 2.53 years (s.d. = 2.65) in the high-functioning ASD group. Online Table DS1 specifies the most common subcategories of the main causes of death for controls, the entire ASD group, and low-functioning and high-functioning ASD groups.
Gender differences in specific causes of death
For most diagnostic categories, the pattern of mortality risk was comparable in females and males with ASD. Nevertheless, males with ASD had a higher relative risk than females of mortality owing to diseases of the nervous and circulatory systems. On the other hand, females with ASD had higher relative mortality risk than males in diseases owing to endocrine diseases, congenital malformations and suicide ( Table 5 ).
Discussion
In this large population-based study, we observed increased mortality in individuals with ASD. Mortality was increased in both low-functioning and high-functioning ASD, as well as in both genders. However, the risk was particularly high for females with low-functioning ASD. Patterns of specific causes of death were somewhat different for low-functioning ASD compared with high-functioning ASD. The observed OR of 2.56 for ASD in relation to all-cause mortality is in line with most of the previous clinical and population-based mortality studies. [15] [16] [17] [18] [19] [20] We found that increased mortality in ASD was not limited to certain causes of death, such as diseases of nervous system, but was elevated for all analysed categories according to the ICD, apart from infectious diseases.
In most previous studies, the samples have been too small and/or selected to adequately analyse the role of intellectual disability regarding mortality in ASD. Therefore, we performed all analyses comparing low-functioning ASD and high-functioning ASD groups. Based on the well-known association of lowfunctioning ASD with several medical conditions, the higher mortality in low-functioning ASD than in high-functioning ASD was expected. 21 In approximately 10% of cases, ASD (predominantly low-functioning ASD) is part of a known genetic syndrome, 14 which may be associated with both intellectual disability and many of the comorbid diseases. Opposing results from the only previous study focusing on differences in mortality between low-functioning ASD and high-functioning ASD, 17 the current study showed increased mortality in mental and behavioural disorders, diseases of nervous, circulatory, respiratory and digestive systems, as well as congenital malformations in the low-functioning ASD group compared with the high-functioning ASD group. However, our results clearly indicated that mortality was elevated across a multiplicity of causes of death in ASD as a whole, including high-functioning ASD. Thus, our results add to the accumulating evidence indicating that ASD accounts for substantial health loss across the lifespan. 30 Suicide was the only specific cause of death showing a higher risk in high-functioning ASD compared with low-functioning ASD. High-functioning ASD often presents with co-existing psychiatric disorders. [9] [10] [11] [12] [13] In a recent study, 31 high prevalence of suicidal ideation and suicide attempts was reported among individuals with Asperger syndrome. Suicidality was increased ASD, autism spectrum disorder; OR, odds ratio; CI, confidence interval. a. Missing data on primary cause of (n = 2677, 50.5% in both groups) are not included in the analyses; partial likelihood ratio test for interaction effect (ASD gender). *P50.05 (Endocrine P = 0.039; Nervous system P = 0.014; Congenital malformations P = 0.021); **P50.01 (Suicide P = 0.004); ***P50.001.
in, but not limited to, individuals with Asperger syndrome and a history of depression. 31 In addition to psychiatric comorbidity, individuals with high-functioning ASD may have psychological vulnerability, such as social disengagement, which may increase the risk of suicide. 32 Analysis of moderators and mediators of suicidal behaviours in individuals with ASD is an important area of future research, and should not only focus on risk factors but also resilience. Individuals with ASD may lack many of the protective factors that could decrease the risk of suicide, such as a supportive social network, 32 good coping skills 33 and overall life satisfaction. 34 The risk of suicide may also be reduced by therapeutic and supportive contacts. 32 However, in individuals with ASD, difficulties in social interaction and communication (i.e. core symptoms of ASD) may seriously reduce the ability to seek and receive help and treatment. This may not only apply to help regarding psychological well-being but also somatic illness. A large Swedish nationwide register-based study 35 has indicated lower levels of somatic healthcare quality for psychiatric patients than for the general population. Thus, higher avoidable mortality 36 in psychiatric patients suggests that the medical care for physical disorders provided to psychiatric patients is less effective than in the general population. A recent systematic review 30 stressed the public health and policy implications of the substantial burden of ASD across the lifespan. Given that most individuals living with ASD today are adults, the support and interventions need to extend beyond paediatric and early education. Similarly, our findings may indicate a continuous need for improvement in public health and medical care for individuals with ASD. For instance, on average, age at initial diagnosis in the current sample was rather high in both low-functioning ASD and high-functioning ASD groups, and the time interval between ASD diagnosis and death was relatively short (3-5 years for overall mortality, but under 3 years regarding suicide as cause of death). However, the present study is unable to differentiate whether increased mortality in ASD is because of shortcomings in care provision, increased general biological vulnerability, or both.
Previous studies have reported higher mortality in females with ASD than males with ASD. [15] [16] [17] [18] [19] [20] Our results were in line with the previous studies in the low-functioning ASD group. However, we also observed opposite gender-specific mortality risk patterns among individuals with low-functioning ASD compared with high-functioning ASD. Among individuals with high-functioning ASD, females had a somewhat lower mortality risk than males. However, in the low-functioning ASD group, females had a higher risk than males. Thus, in the entire ASD group, females with lowfunctioning ASD seemed to be an especially vulnerable group in which the mortality risk was nine times higher than in the general population control group.
Strengths and limitations
The strengths of this population-based register study include the large study population with high statistical power and the good validity of Swedish registers. 22 Consequently, we had the opportunity to analyse mortality even in less frequent causes of death for both low-functioning ASD and high-functioning ASD, as well as in both genders. Weaknesses of the present study include exclusive reliance on the National Patient Register for case ascertainment, leading to a selected and perhaps severely affected sample by only including individuals with ASD who had been in contact with clinical psychiatry services. This selection bias may be particularly relevant for individuals diagnosed before the year 2001 (i.e. before contact with out-patient psychiatric care services was included in the National Patient Register). However, after the year 2001 (88.2% in current data) all individuals having received an ASD diagnosis are registered in the National Patient Register because of the diagnostic assessment per se, i.e. also in cases with no further contact with psychiatric services. Another limitation is that this study did not in detail examine comorbidity for other ICD diagnoses than developmental intellectual disability. Future studies may highlight the likely possibility of psychiatric comorbidity moderating or mediating mortality in ASD. Finally, the generalisability of the present study is limited by the fact that healthcare is organised differently in different countries. Our results may not be fully generalisable for countries with very different healthcare systems.
Clinical implications
Our observation of excess cause-specific mortality in individuals with ASD may signify a generally increased biological vulnerability in ASD, as well as insufficient awareness, diagnoses and treatment of comorbid diseases within the healthcare system. As the mortality risk was increased for a number of different causes of death, a better knowledge of ASD appears to be desirable in all medical specialties. Health-and lifestyle-related issues may be a future focus for interventions directed at individuals with ASD and their significant others. Moreover, individuals with ASD may need support in communicating their symptoms and developing their skills in seeking help and treatment for problems involving psychological well-being or somatic health.
In summary, we observed markedly increased premature mortality in ASD owing to a multitude of medical conditions. The risk was particularly high for females with low-functioning ASD. However, individuals with high-functioning ASD had a high risk for suicide. Adequate and coordinated medical care for individuals with ASD and research into the phenomenon should be a target for a considerably broader audience of medical specialties than psychiatry and neurology. 
